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TITLE 

NOGO RECEPTOR FUNCTIONAL MOTIFS AND PEPTIDE MIMETICS 
RELATED THERETO AND METHODS OF USING THE SAME 


Related Applications 

[0001] This application claims the benefit of priority fi-om U.S. Provisional 
Patent Application No. 60/675,902, filed April 29, 2005, which is hereby 
incorporated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The invention relates to functional motifs of the Nogo receptor 1 (NgRl) 
and peptide mimetics related thereto, both of which may be used as antagonists to 
NgRl ligands and, as such, may be useful in treating subjects in need of axonal 
regeneration (e.g., for antagonizing (e.g., reversing, decreasing, reducing, 
preventing, etc.) axonal growth inhibition mediated by such NgRl ligands, and 
for screening for compounds that may also act as antagonists to NgRl ligands to 
accomplish the reversal of such inhibition). 
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Related Background Art 

[0003] The central nervous system shows very limited repair after injury; this has 
been postulated to be due, at least in part, to the presence of inhibitory products 
associated with damaged myelin that prevent axonal regeneration (Berry (1982) 
Bibl, Anat, 23:1-1 1). Early studies in this area identified two protein fractions 
from rat central myelin that contain inhibitory activity (Caroni and Schwab 
(1988) Neuron l(l):85-96) and demonstrated that an antibody raised against these 
fractions could neutralize the nonpermissive substrate properties of central myelin 
(Caroni and Schwab (1988)/. Cell Biol 106(4):1281-88). Furthermore, antibody 
delivery and immunotherapy strategies in animals have provided "proof-of- 
concept" evidence that some degree of regeneration within the damaged central 
nervous system can be obtained by counteracting the activity of the myehn 
inhibitors (Bregman et al. (1995) Nature 378:498-501; Schnell and Schwab 
(1990) Nature 343:269-72). 

[0004] To date, three myelin molecules have been reported to be potent inhibitors 
of axonal growth: 1) the myelin-associated glycoprotein (MAG) (McKerracher et 
al. (1994) Neuron 13(4):805-1 1; Mukhopadhyay et al. (1994) Neuron 13(3):757- 
67), 2) Nogo (e.g., Nogo-A (e.g., the 66-residue extracellular domain of Nogo-A 
(Nogo-66))) (Chen et al. (2000) Nature 403:434-39; GrandPre et al. (2000) 
Nature 403:439-44; Prinjha et al. (2000) Nature 403:383-84) and 3) the 
oligodendrocyte myehn glycoprotein (Wang et al. (2002) Nature 417:941-44). A 
receptor complex in neurons containing the Nogo receptor 1 (NgRl) 
(Domeniconi et al. (2002) Neuron 35(2):283-90; Foumier et al. (2001) Nature 
409:341-46; Liu et al. (2002) Science 297:1190-93; Wang et al. (2002) Nature 
420:74-78), the ganghoside GTlb (Collins et al. (1997) J. Biol Che?n. 
272(2): 1248-55; Vmson et al. (2001) J. Biol Chem, 276(23):20280-85), the low 
affinity p75 neurotrophin recq>tor (p75NTR) (Wang et al. (2002) Nature 420:74- 
78; Wong et al. (2002) Nat, NeuroscL 5(12): 1302-08), and Lingo-1 (Mi et al 
(2004) Nat Neuroscl 7(3):221-28), has been implicated in mediating the 
response to all three inhibitory molecules, hnportantly, binding to the receptor 
complex is required for each inhibitor to mediate inhibitory activity. 
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[0005] Many studies point to the importance of the NgRl as a potential 
therapeutic target (McGee and Strittmatter (2003) Trends NeuroscL 26(4): IPS- 
PS). For example, the soluble ectodomain of the NgRl can antagonize the 
inhibitory activity of myelin in a nnmber of experimental paradigms (Foumier et 
al (2002) J. NeuroscU 22(20):8876-83), and peptides derived from Nogo-A (e.g., 
a fragment of Nogo-66, e.g., NEPl-40) also promote axonal regeneration, 
presumably by binding to, but not activating, the receptor (GrandPre et al. (2002) 
Nature 417:547-5 1). The NgRl has a prominent leucine-rich repeat (LRR) 
domain, which is composed of amino and carboxy terminal LRR modules that 
cap nine highly homologous LRR modules; two groups have recently resolved 
the crystal structiu-e (Barton et al. (2003) EMBOJ. 22(13):3291-302; He et al 
(2003) Neuron 38(2): 177-85). Deletion analysis studies suggest that the entire 
LRR domain of the receptor is unportant for the binding of Nogo-66, MAG and 
the NgRl with itself 

[0006] Agents that interfere with the interaction of one or more NgRl Ugands 
(which may also be an axonal growth inhibitor(s)) with the NgRl and/or the 
formation of the higher order receptor-signaling complex may have therapeutic 
potential and/or be useful biological tools, e.g., for antagoniziug (e.g., reversing, 
decreasing, reducing, preventing, etc.) NgRl ligand-mediated inhibition of axonal 
growth. In this context, if ftmctional motifs could be identified on the NgRl, 
biologically active peptide mimetics could be developed as specific antagonists, 
or serve as useful tools in the drug discovery process (see generally, e.g., Hruby 
(2002) Nat. Rev, DrugDiscov. l(ll):847-58). However, attempts to identify 
small functional motifs by conventional deletion mutagenesis are hampered 
because the overall **banana"-like shape of the structure of the NgRl can easily 
be disrupted by mutations within the leucine-rich repeats. The present invention 
circumvents the problems ^countered by deletion mutagenesis analysis, and 
identifies functional motifs of the NgRl . As such, the invention provides peptide 
mimetics as antagonists to NgRl ligands (which are also axonal growth 
inhibitors), e.g., MAG, oligodendrocyte myelin glycoprotein, Nogo-A, etc. 
Active peptide mimetics, i.e., antagonistic drugs, maybe therapeutic agents for a 
variety of conditions where axonal sprouting or long-range growth migjht restore 
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function, e.g., a damaged central nervous system, e.g., due to a stroke, some other 
fonn of traumatic brain and/or spinal cord injury, etc. (see, e.g., Wiessner et al. 
(2003) /. Cereb. Blood Flow Metab. 23(2):154-65; Moon and Bunge (2005) /. 
Neurol. Phys. Titer. 29:55-69). 

SUMMARY OF THE INVENTION . . . 

[00071 The present invoition is based on the idaitification of functional motife 
within the Nogo receptor 1 O^gjll). The invention is also based on tiie use of 
pqjtides mimicking such functional motifs to antagonize NgRl ligands (NgRlL), 
which are also axonal growth inhibitors (e.g., myelin-assodated glycoprotein, 
oligodendrocyte myelin glycoprotein, Nogo-A, Nogo-66, an antibody to Nogo 
receptor, an antibody to GTlb, an antibody to p75 neurotrophin receptor, and an 
antibody to Lingo-1, etc.). In one embodiment, a putative and/or actual 
functional motif of Ibe NgRl has and/or consists essentially of an amino acid 
sequence selected from the group consisting of YNEPKVT (SEQ ID N0s:2 and 
8), LQKFRGSS (SEQ E) N0s:14 and 16), SLPQRLA (SEQ ID N0:4), 
NLPQRLA (SEQ ID NO:10) and AGRDLKR (SEQ ID N0s:6 and 12). In 
another embodiment of the invention, a peptide mimetic of a putative and/or 
actual functional motif of the NgRl of the invention is provided as an antagonist 
to one or more NgRl ligand(s) (NgRlL), i.e., an antagonist to at least one 
NgRlL. For example, the invention provides an antagonist to an NgRlL (i.e., an 
antagonist to at least one NgRlL) comprising a polypeptide comprising an amino 
add sequence selected from the group consisting of the amino acid sequence of 
YNEPKVT (SEQ ID N0s:2 and 8), LQKFRGSS (SEQ ID N0s:14 and 16), 
SLPQRLA (SEQ ID N0:4), NIPQRLA (SEQ ID NO:10), AGRDLKR (SEQ ID 
N0s:6 and 12), and the amino add sequences of active fragments thereof 

[0008] In one embodiment, the invention provides an antagonist to an NgRl 
ligand comprising a polypeptide comprising an amino acid sequence selected 
fium the group consisting of the amino acid sequence KFRG, the amino acid 
sequence GRFK, the amino acid sequence ofSEQ ID N0:14, the amino add 
sequence of SEQ ID N0:18, the amino acid sequence of SEQ ID NO:22, the 
amino acid sequence of SEQ ID N0:37, and the amino acid sequences of active 


wo 2006/119013 PCT/US2006/016217 


fragments thereof, lii several embodiments of the invention, an antagonist to an 
NgRl ligand comprises a polypeptide comprising an amino acid sequence 
selected from the group consistmg of the amino acid sequences LQKFRGSS 
(SEQ ID N0s:14 and 16), KFRGS (SEQ ID N0s:18 and 20), arid QKFRG (SEQ 
ID NOs:22 and 24). In other embodiments, an antagonist of the invention is 
acetylated and/or amide blocked. In other embodiments, an antagonist of the 
invention is cyclized (e.g., via homodetic cyclization or a disulfide bond). For 
example, in one embodiment, the invention provides an antagonist to an NgRlL 
comprising a polypeptide comprising the ammo acid sequence KFRG (SEQ ID 
NO:26), wherein the polypeptide is cyclized, e.g., by homodetic cycUzation, 
which is a form of cycUzation in which the ring consists solely of amino acid 
residues in eupeptide linlcage. In another embodiment, the antagonist comprises 
at least one D-amino acid. In another embodiment, the antagonist comprises the 
amino acid sequence of SGRFKQ (SEQ ID NO: 37; altemate representation of an 
antagonist of the invention comprising a homodetic cycUc polypeptide (c[]) 
comprising the amino acid sequence of SEQ ID NO:37 with D-type nonnative 
amino acids (lower case letters), i.e.: c[sQrfkq]), or an active fragment(s) thereof 

[0009] In other embodiments, an antagonist of the invention is cyclized by 
means of a disulfide bond. In one embodiment, the invention provides a 
cyclized antagonist to an NgRl ligand comprising a polypeptide comprising an 
amino acid sequence selected from the group consisting of the amino acid 
sequence of SEQ ID N0:31, the amino acid sequence of SEQ ID NO:32, the 
amino acid sequence of SEQ ID NO:33, the amino acid sequence of SEQ ID 
NO:34, and the amino acid sequences of actiye fragments thereof In one 
embodiment, the invention provides an antagonist of at least one NgRl Ugand 
comprising a polypeptide comprising the amino acid sequence of 
CLQKFRGSSC (SEQ ID N0:31). In another embodiment, the antagonist 
comprises a polypeptide comprising the amino acid sequence of CKFRGSC 
(SEQ ID NO:32). Jn another embodiment, the antagonist comprises a 
polypeptide comprising the amino acid sequence of CQKFRGC (SEQ ID 
NO:33). In another embodiment, the antagonist comprises a polypeptide 
conq)rising the amino acid sequence of CKERGC (SEQ ID NO:34). In several 
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embodiments, an antagonist of the invention comprises at least one D-amino 
acid. In other embodiments, an antagonist of the invention is acetylated and/or 
amide blocked. In another embodiment, the antagonists described above 
antagonize an NgRl binding fragment of an NgRl ligand selected from the 
group consisting of myelin-associated glycoprotein, oligodendrocyte myelin 
glycoprotein, Nogo- A, Nogo-66, an antibody to Nogo receptor, an antibody to 
GTlb, an antibody to p75 neurotrophin receptor, and an antibody to Lingo-1. 

[0010] The invention also provides methods of usmg the antagonists of the 
invention, e.g., methods of screening for other antagonists (e.g., test 
compounds), andmeliiods of antagonizing NgRl ligand-mediated inhibition of 
axonal growth in a sample or subject (e.g., a human subject). In one 
embodiment, the invention provides a method of screening for compounds that 
antagonize NgRl Ugands comprising the steps of contacting a sample 
containing an NgRl ligand and an antagonist of the invention with the 
compoimd; and determining whether the interaction between the NgiRl ligand 
and the antagonist of the invention in the sample is decreased relative to the 
interaction of the NgRl ligand and the antagonist of the invention in a sample 
not contacted with the compound, whereby a decrease in the interaction of the 
NgRl ligand and the antagonist of the invention in the sample contacted with 
the compound identifies the compound as one that competes with the antagonist 
of the invention. In some embodiments of these methods, the antagonist 
comprises a polypeptide comprising an amino acid sequence selected from the 
group consisting of the amino acid sequence KFRG, the amino acid sequence 
GRFK, the amino acid sequence of SEQ ID NO: 14, the amino acid sequence of 
SEQ ID NO: 1 8, the amino acid sequence of SEQ ID NO:22, the amino acid 
sequence of SEQ ID NO:37, and the amino acid sequences of active fragments 
•thereof. Additionally, in some embodiments, the compound is frarther identified 
as one that antagonizes at least one NgRl ligand. 

10011] The invention also provides a method of antagonizing inhibition of 
axonal growth mediated by an NgRl ligand in a sample comprising the step of 
contacting the sample with an antagonist of the invention. In one embodiment, 
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the antagonist to the at least one NgRl ligand is a peptide that mimics a 
functional motif of the NgRl . The invention also provides a method of 
antagonizing inhibition of axonal growth in a sample comprising the step of 
contacting the sample with an antagonist comprising a polypeptide comprising 
an amino acid sequence selected from the group consisting of the amino acid 
sequence KFRG, the amino acid sequence GRFK, the amino acid sequence of 
SEQ ID NO: 14, the amino acid sequence of SEQ ID NO: 1 8, the amino acid 
sequence of SEQ ID NO:22, the amino acid sequence of SEQ ID NO:37, and 
the amino acid sequences of active firagments thereof In several embodiments, 
the inhibition of axonal growth is mediated by at least one NgRl ligand. 
Additionally, in some embodiments, the antagonizing of inhibition of axonal 
growth results in regeneration of axons. 

[0012] In one embodiment, the invention provides a method of regenerating 
axons and/or antagonizing inhibition of axonal growth in a subject (e.g., a 
human subject) comprising administering to the subject an antagonist of the 
invention. For example, the invention provides a method of antagonizing 
inhibition of axonal growth in a subject comprising the step of administering to 
the subject an effective amount of an antagonist to at least one NgRl ligand, 
e.g., wherein the antagonist to the at least one NgRl hgand is a peptide that 
mimics a functional motif of the NgRl. In another embodiment, the invention 
provides a method of antagonizing inhibition of axonal growth in a subject 
comprising the step of administering to the subject an effective amount of an 
antagonist comprising a polypeptide comprising an amino acid sequence 
selected from the group consisting of the amino acid sequence KFRG, the 
amino acid sequence GRFK, the amino acid sequence of SEQ ID NO: 14, the 
amino acid sequence of SEQ ID NO: 18, the amino acid sequence of SEQ ID 
NO:22, the amino acid sequence of SEQ ID NO:37, and the amino acid 
sequences of active fragments thereof. In several embodiments, the inhibition 
of axonal growth is mediated by at least one NgRl ligand. In other 
embodiments, the antagonizing of inhibition of axonal growth results in 
regeneration of axons. In anotiier embodiment, the method of regenerating 
axons and/or antagonizing inhibition of axonal growth in a subject conqwises 
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administeringto the subject an antagonist of the invaition, wherein the subject 
has suffered an injury to the central nervous system, e.g., wherein the subject 
has suffered from a stroke and/or some otha: form of traumatic brain and/or 
spinal cord injury, etc. In another embodiment, the subject suffers from, or has 
suffered from, a neuronal degenerative disease, e.g., multiple sclerosis, 
Parkinson's disease, Alzheimer's disease, etc. 

[00131 In addition, the present invaation provides pharmaceutical compositions 
comprising an antagonist of the invention, and routes of administration of such a 
composition, for use in the methods of the invention. In some embodiments, a 
pharmaceutical composition of the invention comprises a phannaceutically 
acceptable carrier and an antagonist comprising a polypeptide comprising an 
amino acid sequaace selected from the group consisting of the amino acid 
sequence KFRG, the amino acid sequence GRFK, the amino acid sequence of 
SEQ ID N0:14, the amino acid sequence of SEQ ID NO:18, ihe amino acid 
sequence of SEQ ID NO:22,-the amino acid sequence of SEQ ID NO:37, and 
the amino acid sequences of active fragments thereof. 

[00141 The invention also provides an antagonist to an NgRl ligand contprising 
a polypeptide comprising an amino acid sequence selected from the gro»q> 
consisting of the amino acid sequence of SEQ ID N0:2, the amino acid 
sequence of SEQ ID NO:4, the amino acid sequence of SEQ ID N0:6, the 
amino acid sequence of SEQ ID NO:10, and the amino add sequences of active 
fragments thereof. In some embodiments, the polypq)tide is cyclized (e.g.. via 
a disulfide bond, etc.). 

[00151 "The invention also provides an isolated antibody capable of specifically 
binding to a polypeptide conq)rising an amino acid sequence selected from the 
group consisting of the ammo add sequences of SEQ ID N0s:2, 4, 6, 8, 10, 12, 
14, 16, 18. 20, 22, 24, 26, 27, 28, 29, 30, 31, 32, 33, 34, 37, and the amino acid 
sequences of active fiagmaits thereof. In some embodiments, the antibody is 
produced in response to an immunogoi comprising an antagonist to at least one 
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NgRl ligand. Also provided is an isolated antibody capable of specifically 
binding to an antagonist to at least one NgRl ligand. 

[0016] The present invention also provides kits comprising an antagonist of the 
invention to aid in practicing the methods disclosed herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] A ribbon diagram of the Nogo receptor 1 (NgRl), showing the four 
putative and/or actual functional motifs, is shown in FIG. 1. 

[0018] Results from between 3 and 13 ind^endent experiments [as noted in the 
parentheses] were pooled to obtain the mean length of the longest cerebellar 
neuiite (pm; y-axis) ± SEM (bars) from 100-120 neurons cultured over 
monolayers of established 3T3 cells in media supplemented for 23-27 hr without 
MAG-Fc (white columns) or with MAG-Fc at 20-25 ng/ml (cross-hatched 
columns) in the absence (control) or presence of 100 jig/ml NRL peptides M 
(x-axis), as shown in FIG. 2. 

[0019] Results from between 3 and 13 independent experiments [as noted in the 
parentheses] were pooled to obtain the mean lengfti of the longest cerebeUar 
neurite (|am; y-axis) ± SEM (bars) from 120-150 neurons cultured over 
monolayers of established 3T3 cells in control media (filled circles) or media 
supplemented with the MAG-Fc at 25 (ig/ml (open circles) in the presence of the 
artificially cyclized, acetylated, and amide-blocked NRL2 peptide 
(N-AC-CLQKFRGSSC-NH2 (SEQ ID NO:31)) at the given concentrations 
(x-axis), as shown in FIG. 3. 

[0020] Results from between 3 and 13 independent experiments [as noted in the 
parentheses] were pooled to obtain the mean length of the longest cerebellar 
neurite (|im; y-axis) ± SEM (bars) from 100-120 neurons cultured over 
monolayers of established 3T3 cells in media containing 0-40 jig/ml anti-GTlb 
antibody in the absence (filled circles) or presence (open circles) of the NRL2 
peptide (N-AC-CLQKFRGSSC-NH2 (SEQ ID N0:31)) at 100 jig/ml, as shown in 
FIG. 4. 
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[0021] The mean lengths of the longest neurite (pm; y-axis) ± SEM (bars) from 
about 100-120 neurons of 3 to 5 independent cultures of cerebellar neurons over 
monolayers of established 3T3 cells in media supplemented with 20 ng/ml 
MAG-Fc alone (0 ng/ml peptide) or in the presence of increasing concentrations 
(|ig/ml; X-axis) of NRL2a (N-Ac-CKFRGSC-NHa (SEQ ID NO:32); fiUed 
circles) or NRL2b (N-Ac -COKFRGC -NH^ (SEQ ID NO:33); open circles) are 
shown in FIG. 5. 

[0022] The mean lengths of the longest neurite (jim; y-axis) ± SEM (bars) from 
about 100-120 neurons of 2 independent cultures of cerebellar neurons over 
monolayers of established 3T3 cells in control media (filled circles) or media 
supplemented with 20 jig/ml MAG-Fc (open circles), both with increasing 
concentrations (fig/ml; x-axis) of /2n"NRL2 (N-Ac c[sGrfkq]-NH2 (SEQ BD 
NO:37)) are shown in FIG. 6. 

DETAILED DISCRIPTION OF THE INVENTION 

[0023] The limitations presented by conventional deletion analysis were 
overcome by adopting a rational approach to identify putative and/or actual 
functional motifs in the Nogo receptor 1 (NgRl) (see Example 2.1). Based on 
this approach, three independent small-constrained peptides that mimic an 
exposed loop at the carboxy terminal region of the LRR structure of the NgRl 
were identified. These peptides can act as antagonists to NgRl Ugands, (e.g., 
myelin-associated glycoprotein, ohgodendrocyte myelin glycoprotein, Nogo-A, 
Nogo-66, an antibody to Nogo receptor, an antibody to GTlb, an antibody to p75 
neurotrophin receptor, and an antibody to Lingo-1), i.e., can act to antagonize 
(e.g., reverse, decrease, reduce, prevent, etc.) the biological consequences of an 
NgRl ligand(s) binding to the NgRl complex in neurons (e.g., inhibition of 
axonal grov/th (Examples 2.2-2.4) and/or the formation of the higher order 
receptor-signaling complex). As such, the invention provides polynucleotides 
and polypeptides related to the putative and/or actual functional motifs and/or 
mimetic peptide antagonists. 
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Polynucleotides and Polypeptides 

[0024] The present invention provides novel isolated and purified 
^polynucleotides and polypeptides homologous to putative and/or actual functional 
domains of the Nogo receptor 1 (NgRl). It is part of the invention that peptide 
mimetics to putative and/or actual functional domains of the NgRl may be used 
as antagonists to NgRl ligands, i.e., to inhibit the biological effect of NgRl 
ligand binding to the NgRl . 

10025] For example, the invention provides purified and isolated polynucleotides 
encoding three putative NgRl functional motifs, which may function as NgRl 
hgand antagonists, herein designated **NRL1,'' 'TSIRL3 " and **NRL4." Preferred 
DNA sequences of the invention include genomic and cDNA sequences and 
chemically synthesized DNA sequences. 

10026] The nucleotide sequences of cDNAs encoding human NRLl (hNRLl), 
human NRL3 (hNRL3), and human NRL4 (hNRL4), designated human cDNA, 
are set forth in SEQ ID NOs:l, 3, and 5, respectively. Polynucleotides of the 
present invention also include polynucleotides that hybridize under stringent 
conditions to SEQ ID NOs:l, 3, or 5, or complements thereof, and/or encode 
polypeptides that retain substantial biological activity of hNRLl, hNRL3, or 
hNRL4, respectively. Polynucleotides of the present invention also include 
continuous portions of the sequences set forth in SEQ ID NOs:l, 3, or 5 
comprising at least 12 consecutive nucleotides. 

[0027] The ammo acid sequences of hNRLl, hNRL3, and hNRL4 are set forth in 
SEQ ID N0s:2, 4, and 6, respectively. Polypeptides of the present invention also 
include continuous portions of any of the sequences set forth in SEQ ID N0s:2, 
4, and 6, comprising at least 4 consecutive amino acids. Polypeptides of the 
invention also include any of the sequences set forth in SEQ ID N0s:2, 4, and 6, 
including continuous portions thereof^ wherein one or more of the L-amino acids 
are replaced with their corresponding D-anoino acids. Polypeptides of the present 
invention also include any continuous portion of any of the sequences set forth in 
SEQ ID N0:2, 4, and 6 that retains substantial biological activity (i.e., an active 
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fragment) of fuU-lenglh human hNRLl, hNRL3, and hNRLA, respectively. . 
Additionally, a polypeptide of the invention may be acetylated and/or amide 
blocked using well-known methods. Polynucleotides of the present invention 
also include, in addition to those polynucleotides of human origin described 
above, polynucleotides that encode any of the amino acid sequences set forth in 
SEQ ID N0:2, 4, or 6, or continuous portions thereof (e.g., active fragments 
thereof), and that differ from the polynucleotides of human origin described 
above only due to the well-known degeneracy of the genetic code. 

[0028] The nucleotide sequences of cDNAs encoding rat NRLl (rNRLl), rat 
NRL3 (rNRL3), and rat NRL4 (rNRL4), designated rat cDNA, are set forth in 
SEQ ID N0s:7, 9, and 11, respectively. Polynucleotides of the present invention 
also include polynucleotides that hybridize under stringent conditions to SEQ ID 
NOs:7, 9, or, 1 1, or complements thereof, and/or encode polypeptides ttiat retain 
substantial biological activity of rNRLl, rNRLB, or rNRL4, respectively. 
Polynucleotides of the present invention also include continuous portions of the 
sequences set forth in SEQ ID N0s:7, 9, or 11 comprising at least 12 consecutive 
nucleotides. 

[0029] The amino acid sequences of rNRLl, rNRLB, and rNRL4 are set forth in 
SEQ ID NOs:8, 10, and 12, respectively. Polypeptides of the present invention 
also include continuous portions of any of the sequences set forth in SEQ ID 
N0s:8, 10, and 12, comprising at least 4 consecutive amino acids. Polypeptides 
of the invention also include any of the sequences set forth in SEQ ID N0s:8, 10, 
and 12, including contuiuous portions thereof, wherein one or more of the 
L-amino acids are rqjlaced with their corresponding D-amino acids. 
Polypeptides of the present iaveation also include any continuous portion of any 
of the sequences set forth in SEQ ID N0s:8, 10, and 12 that retains substantial 
biological activity (i.e., an active fragment) of full-length rNRLl, rNRLB, and 
rNRL4, respectively. Additionally, a polypeptide of the invention may be 
acetylated and/or amide blocked using well-known methods. Polynucleotides of 
the present invention also include, in addition to those polynucleotides of rat 
origin described above, polynucleotides that encode any of the amino acid 
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sequences set forth in SEQ ID N0s:8, 10, and 12, or continuous portions thereof 
(e.g., active fragments thereof), and that differ from the polynucleotides of rat 
origin described above only due to the well-known degeneracy of the genetic 
code. 

[0030] The invention also provides purified and isolated polynucleotides 
encoding a novel NgRl functional motif, which may also be used as a mimetic 
peptide antagonist to an NgRl Ugand, herein designated "NRL2." Preferred 
DNA sequences of the invention include genomic and cDNA sequences and 
chemically synthesized DNA sequences. 

[0031] The nucleotide sequence of a cDNA encoding human NRL2 (hNRL2), 
designated human cDNA, is set forth in SEQ ID NO: 13. Polynucleotides of the 
present invention also include polynucleotides that hybridize under stringent 
conditions to SEQ ID NO: 13, or its complement, and/or encode polypeptides that 
retain substantial biological activity of hNRL2. Polynucleotides of the present 
invention also include continuous portions of the sequence set forth in SEQ ID 
NO: 13 comprising at least 12 consecutive nucleotides. 

[0032] The amino acid sequence of hNRL2 is set forth in SEQ ID N0:14. 
Polypeptides of the present invention also include continuous portions of the 
sequence set forth in SEQ ID NO: 14 comprising at least 4 consecutive amino 
acids. Polypeptides of the invention also include the sequence set forth in SEQ 
ID NO: 14, including continuous portions thereof, wherein one or more of the 
L-amino acids are replaced with their corresponding D-amino acids. 
Polypeptides of the present invention also include any continuous portion of the 
sequence set forth in SEQ ID NO: 14 that retains substantial biological activity 
(i.e., an active fragment) of full-length hNRL2, e.g., KFRG (i.e., SEQ ID NO;26). 
Additionally, a polypeptide of the invention may be acetylated and/or amide 
blocked using well-known methods. Polynucleotides of the present invention 
also include, in addition to those polynucleotides of human origin described 
above, polynucleotides that encode the amino acid sequence set forth in SEQ ID 
NO: 14 or a continuous portion thereof (e.g., an active fragment thereoi), and that 
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differ from the polynucleotides of human origin described above only due to the 
well-known degeneracy of the genetic code. 

[0033] The nucleotide sequence of a cDNA encoding rat NRL2 (rNRL2), 
designated rat cDNA, is set forth in SEQ ID N0:15. Polynucleotides of the 
present invention also include polynucleotides that hybridize under stringent 
conditions to SEQ ID N0:15, or its complement, and/or encode polypeptides that 
retain substantial biological activity of rNRL2. Polynucleotides of the present 
invention also include continuous portions of the sequence set forth in SEQ ID 
N0:15 comprising at least 12 consecutive nucleotides. 

[0034] The amino acid sequence of rNRL2 is set forth in SEQ DD NO: 16. 
Polypeptides of the present invention also include continuous portions of the 
sequence set forth in SEQ ID NO: 16 comprising at least 4 consecutive amino 
acids. Polypeptides of the invention also include the sequence set forth in SEQ 
ID N0:16, including continuous portions thereof, wherein one or more of the 
L-amino acids are replaced with their corresponding D-axnino acids. 
Polypeptides of the present invention also include any continuous portion of the 
sequence set forth in SEQ ID N0:16 that retains substantial biological activity 
(i.e., an active fragment) of full-length rNRL2, e.g., KFRG (i.e., SEQ ID NO:26). 
Additionally, a polypeptide of the invention may be acetylated aud/or amide 
blocked using well-known methods. Polynucleotides of tiie present invention 
also include, in addition to those polynucleotides of rat origin described above, 
polynucleotides that encode the amino acid sequence set forth m SEQ ID N0:16 
or a continuous portion thereof (e.g., an active fragment th^eof), and that differ 
from the polynucleotides of rat origin described above only due to the well- 
known degeneracy of the genetic code. 

[0035] The invention also provides purified and isolated polynucleotides 
encoding a novel mimetic peptide antagonist to an NgRl ligand, herein 
designated "NRL2a." Preferred DNA sequences of the invention include 
genomic and cDNA sequences and chemically synthesized DNA sequences. 
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[0036] The nucleotide sequence of a cDNA encoding human NRL2a (hNRL2a), 
designated human cDNA, is set fortli in SEQ ID NO: 17. Polynucleotides of the 
present invention also include polynucleotides that hybridize under stringent 
conditions to SEQ ID NO: 17, or its complement, and/or encode polypeptides that 
retain substantial biological activity of hNRL2a. Polynucleotides of the present 
invention also include continuous portions of the sequence set forth in SEQ ID 
N0:17 comprising at least 12 consecutive nucleotides. 

[0037] The amino acid sequence of hNRL2a is set forth in SEQ ID NO: 18. 
Polypeptides of the present invention also include continuous portions of the 
sequence set forth in SEQ ID NO: 1 8 comprising at least 4 consecutive amino 
acids. Polypeptides of the invention also include the sequence set forth in SEQ 
ID NO: 18, including continuous portions fliereot wherein one or more of the 
L-amino acids are replaced with their corresponding D-amino acids. 
Polypeptides of the present invention also include any continuous portion of the 
sequence set forth in SEQ ID NO: 18 that retains substantial biological activity 
(i.e., an active fragment) of full-length hNRI^a, e.g., KERG (SEQ ID NO:26). 
Additionally, a polypeptide of the invration may be acetylated and/or amide 
blocked using well-known methods. Polynucleotides of the present invention 
also include, in addition to those polynucleotides of human origin desodbed 
above, polynucleotides that encode the amino acid sequence set forth in SEQ ID 
N0:18 or a continuous portion thereof (e.g., an active fragment thereof, and tiiat 
differ from the polynucleotides of human origin described above only due to the 
well-known degeneracy of the genetic code. 

[0038] The nucleotide sequence of a cDNA encoding rat NKL2a (rNRL2a), 
designated rat cDNA, is set forth in SEQ ID N0:19. Polynucleotides of the 
present invention also include polynucleotides that hybridize under stringent 
conditions to SEQ ID N0:19, or its complement, and/or encode polypeptides that 
retain substantial biological activity of rNRL2a. Polynucleotides of the present 
invention also include continuous portions of the sequence set forth in SEQ ID 
N0:19 comprising at least 12 consecutive nucleotides. 
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[0039] The amino acid sequence of rNElL2a is set forth in SEQ E) NO:20. 
Polypq)tides of the present invention also include continuous portions of the 
sequence set forth in SEQ ID NO:20 comprising at least 4 consecutive amino 
acids. Polypeptides of the invention also include the sequence set forth in SEQ 
ID NO:20, including continuous portions thereof, wherein one or more of the 
I>amino acids are replaced with their corresponding D-amino acids. 
Polypeptides of the present invention also include any continuous portion of the 
sequence set forth in SEQ ID NO:20 that retains substantial biological activity 
(i.e., an active fragment) of full-length rNRL2a, e.g., KFRG (SEQ ID NO:26). 
Additionally, a polypeptide of the invention may be acetylated and/or amide 
blocked using well-known methods. Polynucleotides of Ihe present invention 
also include, in addition to those polynucleotides of rat origin described above, 
polynucleotides that encode the amino acid sequence set forth in SEQ ID NO:20 
or a continuous portion thereof, and that differ from the polynucleotides of rat 
origin described above only due to the well-known degeneracy of the genetic 
code. 

[0040] The invention also provides purified and isolated polynucleotides 
encoding another novel mimetic peptide antagonist to an NgRl ligand, herein 
designated "NRL2b." Preferred DNA sequences of the invention include 
genomic and cDNA sequences and chemically synthesized DNA sequences. 

[0041] The nucleotide sequence of a cDNA encoding human NRL2b (hNRL2b), 
designated human cDNA, is set forth in SEQ ID N0:21. Polynucleotides of the 
present invention also include polynucleotides that hybridize under stringent 
conditions to SEQ ID N0:21, or its complement, and/or encode polypeptides that 
retain substantial biological activity of hNRL2b. Polynucleotides of the present 
invention also include continuous portions of the sequence set forth in SEQ ID 
N0:21 comprising at least 12 consecutive nucleotides. 

[0042] The amino acid sequence of hNRL2b is set forth in SEQ ID NO:22. 
Polypeptides of the present invention also include continuous portions of the 
sequence set forth in SEQ ID NO:22 comprising at least 4 consecutive amino 
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acids. Polypeptides of the invention also include the sequence set forth in SEQ 
ID NO:22, including continuous portions thereof, wherein one or more of the 
L-amino acids are replaced with their coiresponding D-amino acids. 
Polypeptides of the present invention also include any continuous portion of the 
sequence set forth in SEQ ID NO:22 that retains substantial biological activity 
(i.e., an active fragment) of full-length hNRL2b, e.g., KFRG (SEQ ID NO:26). 
Additionally, a polypeptide of the invention may be acetylated and/or amide 
blocked using well-known methods. Polynucleotides of the present invention 
also include, in addition to those polynucleotides of human origin described 
above, polynucleotides that encode the amino acid sequence set forth in SEQ ID 
NO:22 or a continuous portion thereof, and that differ from the polynucleotides of 
human origin described above only due to the well-known degeneracy of the 
genetic code. 

[0043] The nucleotide sequence of a cDNA encoding rat NRL2b (rNRL2b), 
designated rat cDNA, is set forth in SEQ ID NO:23. Polynucleotides of the 
present invention also include polynucleotides that hybridize under stringent 
conditions to SEQ ID NO:23, or its complement, and/or encode polypeptides that 
retain substantial biological activity of rNRL2b. Polynucleotides of the present 
invention also include continuous portions of the sequence set forth in SEQ ID 
NO:23 comprising at least 12 consecutive nucleotides. 

[0044] The amino acid sequence of rNRL2b is set forth in SEQ ID NO:24. 
Polypeptides of tiiie present inv^tion also include continuous portions of the 
sequence set forth in SEQ ID NO:24 comprising at least 4 consecutive amino 
acids. Polypeptides of the invention also include the sequence set forth in SEQ 
ID NO:24, including continuous portions thereof, wherein one or more of the 
L-amino acids are replaced with their corresponding D-amiuo acids. 
Polypeptides of the present invention also include any continuous portion of the 
sequence set forth in SEQ ID NO:24 that retains substantial biological activity 
(i.e., an active fragment) of full-length rNRL2b, e.g., KFRG (SEQ ID NO:26). 
Additionally, a polypeptide of the invention may be acetylated and/or amide 
blocked using weU-known methods. Polynucleotides of the present invention 
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also include, in addition to those polynucleotides of rat origin described above, 
polynucleotides that encode the amino acid sequence set forth in SEQ ID NO:24 
or a continuous portion thereof and that differ from the polynucleotides of rat 
origin described above only due to the well-known degeneracy of the genetic 
code. 

[0045] The invention also provides purified and isolated polynucleotides 
encoding the novel NgRl functional motifs and the mimetic peptide antagonists 
of the invention, e.g., NRL2, NElL2a, and NRL2b, as cyclized mimetic peptides. 
Preferred DNA sequences of the invention include genomic and cDNA sequences 
and chemically synthesized DNA sequoices. One of skill in the art will 
recognize that the present invention also includes other cyclized molecules, such 
as cyclized mimetic peptides based on NRLl, NRL3, and NRL4, etc. 
Additionally, a polypeptide of the invention may be acetylated and/or amide 
blocked using well-known methods, 

[0046] For example, the amino acid sequences of artificially cyclized, acetylated 
and amide blocked NRL2, NRL2a, and NRL2b are set forth in SEQ ID N0s:31, 

32, and 33, respectively. Polypeptides of the present invention also include 
continuous portions of any of the sequences set forth in SEQ ID N0s:31, 32, or 

33, comprising at least 4 consecutive amino acids. Polypq)tides of the present 
invention also include any continuous portion of any of the sequences set forth in 
SEQ ID N0s:31, 32, or 33 that retains substantial biological activity (i.e., an 
active fragment) of fiiU-length 1SIRL2, NLR2a, or NRL2b, respectively, e.g., 
KFRG (SEQ ID NO:26), Another polypeptide of the invention is the artificially 
cyclized, acetylated, and amide blocked KFRG (SEQ ID NO:34). As other 
examples, the amino acid sequences of artificially cyclized, acetylated and amide 
blocked NRLl (human or rat), human NRL3, rat NRL3, and NRL4 (human or 
rat) are set forth in SEQ ID NOs:27, 28, 29, and 30, respectively. Polypeptides of 
the invention also include any of the sequences set forth in SEQ ID NOs:27, 28, 
29, 30, 31, 32, 33, or 34, including continuous portions thereof, wherein one or 
more of the L-amino acids are replaced with their corresponding D-amino acids. 
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[0047] Based on the amino acid sequences provided in SEQ ID NOs:27, 28, 29, 
30, 31, 32, 33, or 34, a skilled artisan could determine one or more DNA 
sequences that would encode for each of such peptides. As such, polynucleotides 
of the present invention also include polynucleotides (e.g., genomic, cDNA, and 
chemically synthesized sequences) that encode an amino acid sequence set forth 
in SEQ ID NOs:27, 28, 29, 30, 31, 32, 33, or 34, or continuous portions thereof 

[0048] For example, a nucleotide sequence of that encodes KFRG, is set forth in 
SEQ ID NO:25. Polynucleotides of the present invention also include 
polynucleotides that hybridize under stringent conditions to SEQ ID NO:25, or its 
complement, and/or encode polypeptides that retain substantial biological activity 
of KFRG. Polynucleotides of the present invention also include continuous 
portions of the sequence set forth in SEQ ID NO:25 comprising at least 9 
consecutive nucleotides. 

(0049] As described above, the amino acid sequence of KFRG is set forth in SEQ 
ID NO:26. Polypeptides of the present invention also include continuous 
portions of the sequence set forth in SEQ ID NO:26 comprising at least 3 
consecutive amino acids. Polyp^tides of the invention also include the sequence 
set forth in SEQ ID NO:26, including continuous portions thereof, wherein one or 
more of the L-amino acids are replaced with their corresponding D-amino acids. 
Polypeptides of the present invention also include any continuous portion of the 
sequence set forth in SEQ ID NO:26 that retains substantial biological activity 
(Le., an active fragment) of full-length human KFRG, e.g., KFR. Additionally, a 
polypeptide of the invention may be cyclized, acetylated and/or amide blocked 
using well-known methods. Polynucleotides of the present invention also 
include, in addition to those polynucleotides described above, polynucleotides 
that encode the amino acid sequence set forth in SEQ ID NO:26 or a continuous 
portion thereof (e.g., an active fragment thereof), and that differ from the 
polynucleotides described above only due to the well-known degeneracy of the 
genetic code. 
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[0050] The isolated polynucleotides of the present invention may be used as 
hybridization probes and primers to identify and isolate nucleic acids having 
sequences identical to, or similar to, those ^coding the disclosed 
polynucleotides. Hybridization methods for identifying and isolated nucleic acids 
include polymerase chain reaction (PGR), Southern hybridization, and Northern 
hybridization, and are well known to those skilled in the art. 

[0051] Hybridization reactions can be perfonned imder conditions of diflFerent 
stringracies. The stringency of a hybridization reaction includes the difficulty 
with which any two nucleic acid molecules will hybridize to one another. 
Preferably, each hybridizing polynucleotide hybridizes to its corresponding 
polynucleotide imder reduced stringency conditions, more preferably stringent 
conditions, and most preferably highly stringent conditions. Examples of 
stringency conditions are shown in Table 1 below: highly stringent conditions are 
those that are at least as stringent as, for example, conditions A-F; stringent 
conditions are at least as stringent as, for example, conditions G-L; and reduced 
stringency conditions are at least as stringent as, for example, conditions M-R. 


TABLE] 


Stringency 
Condition 

Poly- 
nucleotide 
Hybrid 

Hybrid Length (bp)' 

Hybridization 
Temperature and 

Wash Temperature 
and Buffer^ 

A 

DNA:DNA 

>50 

65°C; IXSSC-or- 
42^C; IX SSC,50% 
formamide 

65''C;0.3XSSC 

B 

DNA:DNA 

<50 

Tb*; IX BSC 

Tb*; IXSSC 

C 

DNA:RNA 

>50 

^TC\ IXSSC-or- 

1XSSC,50% 
formamide 

67*'C;0.3XSSC 

D 

DNA:RNA 

<50 

TdMXSSC 

Td*; IX SSC 

E 

RNAiRNA 

>50 

yo^Qixssc 

-or- 

50*'C; 1XSSC,50% 
formamide 

70°Q 0.3xSSC 

F 

RNA:RNA 

<50 

Tp*; IX SSC 

Tf*; IXSSC 

G 

DNArDNA 

>50 

as^QAXSSC 
-or- 

42'='C;4XSSC,50% 
formamide 

65°C; IX SSC 

H 

DNAtDMA 

<50 

Th*;4XSSC 

Th*; 4X SSC 
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stringency 
Condition 

Poly- 
nucleotide 
Hybrid 

Hybrid Length (bp)^ 

Hybridization 
Temperature and 
Buffer^ 

Wash Temperature 
and Buffer^ 

I 

DNArRNA 

>50 

67'*C;4XSSC 
-or- 

45^C;4XSSC,50% 
formamide 

67'C; IX SSC 

J 

DNA:RNA 

<50 

Tj*; 4X SSC 

Tj*; 4X SSC 

K 

RNA-RNA 

>50 

70**C; 4X SSC 
-or- 

50''C;4XSSC, 50% 
formamide 

67''C; IX SSC 

L 

RNAJWA 

<50 

Tl*;2XSSC 

Tl*; 2X SSC 

M 

DNAtDNA 

>50 

50''C;4XSSC 
-or- 

40'C;6XSSC. 50% 
formamide 

SO^C; 2X SSC 

N 

DNA:DNA 

<50 

Tn*;6XSSC 

Tn*;6XSSC 

0 

DNAOINA 

>50 

55°C;4XSSC 
-or- 

42^; 6X SSC, 50% 
formamide 

55'*C;2XSSC 

P 

DNArRNA 

<50 

Tp*; 6X SSC 

Tp*; 6X SSC 

Q 

KKA:RNA 

>50 

'60°C;4XSSC-or" 
45°C;6XSSC, 50% 
formamide 

60°C; 2X SSC 

R 

RNA:RNA 

<50 

Tr*;4XSSC 

Tr*;4XSSC 


' The hybrid length is that anticipated for the hybridized region(s) of the hybridizing polynucleotides. When 
hybridizing a polynucleotide to a target polynucleotide of unknown sequence, the hybrid length is assumed 
to be that of the hybridizing polynucleotide. When polynucleotides of known sequence are hybridi2Bd, the 
hybrid length can be determined by aligning the sequences of the polynucleotides and identifying the region 
or regions of optimal sequence complementarity. 


^SSPE(lxSSPE is O.lSMNaCl, lOmMNaHjPOA, and 1.25mMEDTA, pH 7.4) can be substituted for SSC 
(IxSSC is 0. 15M NaCl and 15niM sodium citrate} in &e hybridization and wash buffers; washes are 
performed for 15 mmutes after hybridization is complete. 

Tb* - Tr*: The hybridization temperature for hybrids anticipated to be less than 50 base pairs in lengfli 
should be 5-10*C less Aan the melting temperature (T^) of the hybrid, where Tn, is determined according to 
the following equations. For hybrids less than 1 8 base pairs in length, Tm(°C) = 2(# of A + T bases) + 4(# of 
G + Cbases). For hybrids between 18 and 49 base pairs in length, Tm(°C)= 81.5 + 16.60ogioNa**) + 
0.41(%G + C) - (600/N), where N is the number of bases in the hybrid, and Na* is the concentration of 
sodium ions in the hybridization buffer (Na^ for IxSSC = 0. 1 65M). 

Additional examples of stringency conditions for polynucleotide hybridization are provided in Sambrook et 
al. (1989) Molecular Cloning: A Laboratory Mama! , Chs. 9 & 1 1, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY, and Ausubel et al, eds. (1 995) Current Protocob in Molecular Biology, Sects, 2. 1 0 
& 6.3-6.4, John Wiley & Sons, Ina, herein incorporated by reference. 

[0052] The isolated poljoiucleotides of the present invention may also be used as 
hybridization probes and primers to identify and isolate DNAs having sequences 
encoding polypeptides homologous to the disclosed polynucleotides. These 
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homologs are polynucleotides and polypeptides isolated from species different 
than those of the disclosed polypeptides and polynucleotides, or within the same 
species, but with significant sequence similarity to the disclosed polynucleotides 
and polypeptides. Preferably, polynucleotide homologs have at least 60% 
sequence identity (more preferably, at least 75% identity, most preferably, at least 
90% identity) with flie disclosed polynucleotides, whereas polypeptide homologs 
have at least 30% sequence identity (more preferably, at least 45% identity; most 
preferably, at least 60% identity) with tiie disclosed polypeptides. Preferably, 
homologs of the disclosed polynucleotides and polypeptides are those isolated 
from mammaUan species. 

[0053] The isolated polynucleotides of the presoit invention may also be used as 
hybridization probes and primers to identify cells and tissues that express the 
polypeptides of the present invention and the conditions under which tiiey are 
expressed. 

[0054] The isolated polynucleotides of the present invention may be operably 
linked to an expression control sequence such as tiie pMT2 and pED expression 
vectors for recombinant production of the polypeptides of the present invention. 
General metiiods of expressing recombinant proteins are well known in the art. 

[0055] A number of cell types may act as suitable host cells for recombmant 
expression of the polypeptides of the present invention. Mammalian host cells 
include, e.g., COS cells, CHO cells, 293 cells, A431 cells, 3T3 cells, CV-1 cells, 
HeLa cells, L cells, BHK21 cells, HL-60 cells, U937 cells, HaK cells, Jurkat 
cells, normal diploid cells, cell strains derived from in vitro culture of primary 
tissue, and primary explants. 

[0056] Alternatively, it may be possible to recombmantly produce the 
polypeptides of the present invention in lower eukaryotes such as yeast or in 
prokaryotes. Potentially suitable yeast strains include Saccharomyces cerevisiae, 
■ Schtosaccharomyces pombe, Kluyveromyces strains, and Candida strains. 
Potentially suitable bacterial strains include Escherichia coli. Bacillus subtilis, 
and Salmonella typhimurium. If tiie polypeptides of the present invention are 
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made in yeast or bacteria, it may be necessary to modify them by, e.g., 
phosphorylation or glycosylation of appropriate sites, in order to obtain 
functionality. Such covaleht attachments may be accomplished using well- 
known chemical or enzymatic methods. 

[0057] The polypeptides of the present invention may also be recombinantly 
produced by operably linking the isolated polynucleotides of the present 
invention to suitable control sequences in one or more insect expression vectors, 
such as baculovirus vectors, and employing an insect cell expression system. 
Materials and methods for baculovirus/S© expression systems are commercially 
available in kit form (e.g., the MaxBac® kit, Invitrogen, Carlsbad, CA). 

[0058] Following recombinant expression in the appropriate host cells, the 
polypeptides of the present invention may then be purijSed from culture medium 
or cell extracts using known purification processes, such as gel filtration and ion 
exchange chromatography. Purification may also include affinity 
chromatography with agents known to bind the polypeptides of the present 
invention. These purification processes may also be used to purify the 
polypeptides of the present invention from natural sources. 

[0059] Alternatively, the polypeptides of the present mvention may also be 
recombinantly expressed in a form that facilitates purification. For example, the 
polypeptides maybe expressed as fusions with proteins such as maltose-binding 
protein (MBP), glutathione-,S-transferase (GST), or thioredoxin (TRX). Kits for 
expression and purification of such fusion proteins are commercially available 
from New England BioLabs (Beverly, MA), Pharmacia (Piscataway, NJ), and 
Invitrogen (Carlsbad, CA), respectively. The polypeptides of the present 
invention can also be tagged with a small epitope and subsequently identified or 
purified using a specific antibody to the epitope. A preferred epitope is the 
FLAG epitope, which is commercially available from Eastman Kodak (New 
Haven, CT). 


[0060] The polypeptides of the present invention may also be produced by known 
conventional chemical synthesis. Methods for chemically synthesizing the 
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polypeptides of the present invention are well known to those skilled in the art. 
Such chemically synthetic polypeptides may possess biological properties in 
conmion with the natural, purijBed polypeptides, and thus may be employed as 
biologically active or immunological substitutes for the natural polypeptides. 

[0061] The polypeptides of the present invention also encompass molecules that 
are stmcturally different jfrom the disclosed polypeptides (e.g., which have a 
sUghtly altered sequence), but which have substantially the same biochemical 
properties as the disclosed polypeptides (e.g., are changed only in functionally 
nonessential amino acid residues). Such molecules include naturally occurring 
allelic variants and deliberately engineered variants containing alterations, 
substitutions, replacements, insertions, or deletions. Techniques and kits for such 
alterations, substitutions, replacements, insertions, or deletions are well known to 
those skilled in the art. 

Antibodies 

[0062] Antibody molecules capable of specifically binding to the polypeptides of 
the present invention may be produced by methods well known to those skilled in 
the art. For example, monoclonal antibodies can be produced by generation of 
hybridomas in accordance with known methods. Hybridomas formed in this 
maimer are then screened using standard methods, such as enzyme-linked 
immunosorbent assay (ELISA), to identify one or more hybridomas that produce 
an antibody that specifically binds with the polypeptides of the present invention. 

[0063] A full-length polypeptide of the present invention may be used as the 
immunogen, or, alternatively, antigenic peptide fragments of the polypeptides 
may be used. For example, the immunogen may be a functional motif of the 
NgRl (e.g., one or more of the amino acid sequences of SEQ ID N0s:2, 4, 6, 8, 
10, 12, 14, and 16) and/or a related peptide or cyclized peptide (e.g., one or more 
of the amino acid sequences of SEQ ID N0s:18, 20, 22, 24, 26, 27, 28, 29, 30, 
31, 32, 33, 34, and 37). An antigenic peptide of a polypeptide of the present 
invention comprises at least four continuous amino acid residues and 
encompasses an epitope such that an antibody raised against the peptide forms a 
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specific immxme complex with the polypeptide. Preferably, the antigenic peptide 
comprises at least four amino acid residues, more preferably at least seven amino 
acid residues, and even more preferably at least nine amino acid residues. 

[0064] As aa alternative to preparing monoclonal antibody-secreting hybridomas, 
a monoclonal antibody to a polypeptide of the present invention may be identified 
and isolated by screening a recombinant combinatorial immunoglobulin library 
(e.g., an antibody phage display library) wilh a polypeptide of the present 
invention to thereby isolate immunoglobulin library members that bind to the 
polypeptide. Techniques and commercially available kits for generating and 
screening phage display libraries are well known to those skilled in the art. 
Additionally, examples of methods and reagents particularly amenable for xise in 
generating and screening antibody display libraries can be found in the literature. 

[0065] Polyclonal sera and antibodies may be produced by immunizing a suitable 
subject with a polypeptide of the present invention. The antibody titer in the 
immunized subject may be monitored over time by standard techniques, such as 
with ELISA using immobilized marker protein. If desired, the antibody 
molecules directed against a polypeptide of the present invention may be isolated 
fix)m the subject or culture media and fiirther purified by well known techniques, 
such as protein A chromatography, to obtain an IgG firaction. 

[0066] Fragments of antibodies to the polypeptides of the present invention may 
be produced by cleavage of the antibodies in accordance with methods well 
known in the art. For example, immunologically active F(ab') and F(ab')2 
firagments may be generated by treating the antibodies with an enzyme such as 
pepsin. 

[0067] Additionally, chimeric, humanized, and single-chain antibodies to the 
polypeptides of the present invention, comprising both human and nonhuman 
portions, may be produced using standard recombinant DNA techniques. 
Humanized antibodies may also be produced using transgenic mice that are 
incapable of expressing endogenous immunoglobulin heavy and hght chain 
genes, but that can express human heavy and hgjit chain genes. 
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Screening Assays and Sources of Test Compounds 

[0068] The polynucleotides and polypeptides of the present invention may also 
be used in screening assays to identify pharmacological agents or lead 
compounds for otlier antagonists to NgRl ligands, which may be used to 
antagonize (e.g., reverse, decrease, reduce, prevent, etc.) NgRlL-mediated 
inhibition of axonal growth. For example, samples containing an antagonist of 
the invention, e.g., a polypeptide comprising an amino acid sequence selected 
from the group consisting of SEQ ID N0s:2, 4, 6, 10, 14, 18, 22; and 26-34, and 
an NgRl ligand (including an NgRl binding fragment of an NgRl hgand (e.g., 
NEPl-40)) can be contacted with one of a plurality of test compounds (e.g., small 
organic molecules or biological agents), and the interaction in each of the treated 
samples can be compared to the interaction of the antagonist of the invention and 
an NgRl Ugand in untreated samples or in samples contacted with different test 
compounds to determine whether any of the test compounds provides a 
substantially decreased level of antagoiust:NgRl ligand interactions. In a 
preferred embodiment, the identification of test compounds capable of 
modulating the activity of antagonistiNgRl ligand interactions is performed using 
high-throughput screening assays, such as provided by BIACORE® (Biacore 
International AB, Uppsala, Sweden), BRET (bioluminescence resonance energy ^ 
transfer), and FRET (fluorescence resonance energy transfer) assays, as well as 
ELTSA- One of skill in the art will recognize that test compounds capable of 
decreasing levels of antagomst:NgRl ligand interactions may be antagonists of 
NgRlL (e.g., because they bind to NgRlL and block NgRl :NgRlL interactions) 
or agonists of NgRlL (e.g., because they bind to, e.g., KFRG and activate 
inhibition of axonal growth). Such antagonistic or agonistic test compounds 
screened in the above-described manner may then be further distinguished, e.g., 
tested for their ability to antagonize NgRlL-mediated axonal growth inhibition, 
or to enhance NgRlL-mediated axonal growth inhibition, respectively, using 
well-known methods, e.g., the neurite outgrowth assay described in Example 1.1. 

[00691 Th® test compounds of the present invention may be obtained from a 
number of sources. For example, combinatorial hbraries of molecules are 
available for screening. Using such libraries, thousands of molecules can be 
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screened for inhibitory activity. Preparation and screening of compounds can be 
screened as described above or by other methods well known to those of skill in 
the art. The compounds thus identified can serve as conventional "lead 
compounds" or can be used as the actual therapeutics. 

Methods of Treatment 

[0070] Peptide mimetics related to functional motifs of the NgRl, particularly 
peptides comprising the amino acid sequence of KFRG, may be used as 
antagonists to the axonal growth inhibition effects of NgRl hgands, e.g., myelin- 
associated glycoprotein, oligodendrocyte myelm glycoprotein, Nogo-A, Nogo-66, 
an antibody to Nogo receptor, an antibody to GTlb, an antibody to p75 
neurotrophin receptor, and an antibody to Ungo-1 . As such, the present 
invention provides both prophylactic and therapeutic methods for treatments 
requiring axonal regeneration, i.e., antagonism (e.g., reversal, decrease, reduction, 
prevention, etc.) of axonal growth inhibition, that mvolve administration of an 
antagonist of the invention. A skUled artisan will recognize that such methods of 
treatment will be particularly useful in subjects who may suffer fi^om, or who 
suffer from, or who may have suffered from, a brain injury caused by, e.g., 
stroke, multiple sclraosis, Parkmson's disease, Alzheimer's disease, etc. The 
methods involve contacting cells (either in vitro, in vivo, or ex vivo) with an 
antagonist of the invention in an amount effective to antagonize (e.g., reverse, 
decrease, reduce, prevent, etc.) the activity of NgRl ligands, e.g., the biological 
consequences of one or more NgRl ligands binding to the Ngjll complex in 
neurons (e.g., the inhibition of axonal growth and/or the formation of the higher 
order receptor-signaling complex). The antagonist may be any molecule that 
antagonizes the activity of NgRl Ugands, including, but not limited to, small 
molecules and peptide inhibitors. 

[00711 For example, small molecules (usually organic small molecules) that 
antagonize the activity of NgRl ligands (e.g., myelin-associated glycoprotein, 
oligodendrocyte myelin glycoprotein, Nogo-A, Nogo-66, an antibody to Nogo 
receptor, an antibody to GTlb, an antibody to p75 neurotrophin receptor, and an 
antibody to Lingo-1) may be used to, e.g., reverse NgRl ligand-mediated axonal 
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growth inhibition. Novel antagonistic small molecules may be identified by the 
screening metliods described above, and may be used in the treatment methods of 
the present invention described here. 

[0072] Decreased activity of NgRl ligands in an organism in need of axonal 
regeneration but afflicted with (or at risk for) inhibition of axonal growth 
mediated by NgRl Ugands, or in an involved cell from such an organism, may 
also be achieved using peptide inhibitors, e.g., the mimetic peptide antagonists of 
the invention, that bind to and inhibit the activity of NgRl ligands. Peptide 
inhibitors include peptide pseudosubstrates that prevent NgRl hgands from 
interacting with the NgRl . Peptide inhibitors that antagonize, or may antagonize, 
NgRl ligands are disclosed herein as mimetic peptide antagonists, and include, 
but are not limited to, KFRG (SEQ ID NO:26), LQKmGSS (SEQ ID N0s:14 
and 16), KFRGS (SEQ ID N0s:18 and 20), and QKFRG (SEQ ID NO:22 and 
24), In some embodiments, these pqptide inhibitors are cyclized via disulfide 
bonds (e:g., SEQ ID N0s:31, 32, 33, and 34) to improve the ability of flie 
peptides to act as antagonists (see Williams et al. (2000) J. Biol Chem. 
275(6):4007-12; Williams et al. (2000) Afo/. Cell. NeuroscL 15(5):456-64). 
Cyclized and noncyclized NgRl ligand peptide inhibitors may be chemically 
syiithesized. Additionally, the peptide inhibitors of the invention may be 
acetylated and/or anoide blocked usmg well-known methods. One can provide a 
cell (e.g., a neuron) with a peptide inhibitor in vitro, in wva, or ex vivo using Ihe 
techniques described below. 

Administration 

[0073] Any of the compounds described herein (prefo-ably a mimetic peptide or 
small molecule antagonist of the invention) can be administ^ed in vivo in the 
form of a pharmaceutical composition for treatments requiring antagonism of 
axonal growth inhibition, i.e., axonal regeneration. The pharmaceutical 
composition may be administered by any number of routes, including, but not 
limited to, oral, nasal, intraventricular, rectal, topical, sublingual, subcutaneous, 
intravenous, intramuscular, intraarterial, intramedullary, intrathecal, 
intraperitoneal, intraarticular, or transdennal routes. In addition to the active 
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ingredients, the phannaceutical composition(s) may contain a pharmaceutically 
acceptable camer(s). Such compositions may contain, in addition to any of the 
compounds described herein and an acceptable carrier(s), various diluents, fillers, 
salts, buffers, stabilizers, solubilizers, and other materials well known in the art. 
The term "pharmaceutically acceptable" means a nontoxic material that does not 
^ interfere with the effectiveness of the biological activity of the active 
ingredient(s). The characteristics of the carrier will depend on the route of 
administration. 

[00741 For any compound, the therapeutically effective dose can be estimated 
initially either in cell culture or in animal models. The therapeutically effective 
dose refers to the amount of active ingredient that ameliorates the condition or its 
symptoms. Therapeutic efficacy and toxicity in cell cultures or animal models 
may be determined by standard phannaceutical procedures (e.g., ED50: the dose 
therapeutically effective in 50% of the population; LD50: the dose lethal to 50% 
of the population). The dose ratio between therapeutic and toxic effects is the 
therapeutic index, and can be expressed as the ratio ED50/LD50. Pharmaceutical 
compositions that exhibit large therapeutic indexes are preferred. 

[00751 The data obtained firom cell culture and animal models can then be used to 
formulate a range of dosages for the compound for use in mammals, preferably 
humans. The dosage of such a compound preferably Ues within a range of 
concentrations that includes the ED50 witti little to no toxicity. The dosage may 
vary within this range dq)ending upon the composition form employed and the 
administration route utilized. 

[00761 Another aspect of the present invention relates to kits for canying out the 
administration of NgRl ligand antagonists (e.g., the peptide mimetic antagonists 
of the invention), either alone or with another therapeutic compound(s) or 
agOTt(s). In one embodiment, the kit comprises one or more NgRl ligand 
antagonists formulated with a pharmaceutically acceptable carrier(s). 
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[0077] The entire contents of all references, patents, and published patent 
applications cited throughout this application are hereby incorporated by 
reference herein. 

EXAMPLES 

[0078] The following Examples provide illustrative embodiments of the 
invention and do not in any way limit the invention. One of ordinary skill in the 
art will recognize that numerous other embodiments are encompassed within the 
scope of the invention. 

Example 1 : Materials and Methods 
Example 1.1: Neurite Outgrowth Assays 

[0079] Cerebellar neurons isolated from postnatal day 2/3 rat pups were 
cultured over monolayers of 3T3 cells (Doherty et al. (1991) Neuron 6(2):247- 
58) essentially as previously described (Williams et al. (1994) Neuron 
13(3):583-94). Monolayers were estabUshed by seeding ^-80,000 cells into 
individual chambers of an eight-chamber tissue culture slide coated with 
poly-L-lysine and fibronectin. The cell lines, and monolayers, were maintained 
in Dulbecco's modified Eagle's medium supplemented with 10% fetal calf 
serum (PCS). Cocultures were established by removing the media from the 
monolayers and seeding -6000 dissociated cerebellar neurons into each well in 
SATO medium (modified fix)m Doherty et al, (1990) Neuron 5(2):209-19; 
Dulbecco's modified Eagle's medium supplemented with 2% FBS, 33% bovine 
albumin, 0.62jig/ml progesterone, 161^g/mlputrescine, 4jig/ml L-thyroxine, 
0.387^g/ml selenium, and 3.37 jig/ml tri-iodo-tiiyronine (components from 
Sigma-Aldrich, St. Louis, MO)). Monolayers were established for 24 hours 
prior to addition of the neurons and the cultures were maintained for -23-27 hr. 
Following careful fixation with 4% paraformaldehyde, the neurons were 
immunostained with a GAP-43 antibody, and the mean length of the longest 
neurite per cell was measured for -'120-150 neurons, again as previously 
described (Williams et al. {Ji99A) Neuron 13(3):583-94). 
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Example 1,2: Structures 

[0080] For the purposes of molecular modeling, the IMIO (pdb accession 
number) glycoprotein lb alpha in complex with von Willebrand factor (Huizinga 
et al. (2002) Science 297:1176-79) and the lOZN (pdb accession number) 
structure of flie NgRl (He et al. (2003) Neuron 38(2):177-85) were used. Swiss 
PDB software packages wo-e used to isolate the structure of various motifs jfrom 
the binding interfaces of the crystals, and Accekys software was used to generate 
images. 

Example 1 .3 : Reagents 

[0081J Synthetic pqptides were all obtained from a commercial supplier (Multiple 
Peptide Systems, San Diego, CA). All peptides were purified to the highest grade 
by reverse-phase HPLC and obtained at the highest level of purity (>97%). With 
all peptides, there was no indication of higher molecular weight species. Where 
peptide sequences are underlined, this denotes a peptide that has been cyclized 
via a disulfide bond between the given cysteine residues. All peptides were 
acetylated (e.g., denoted wifli '"N-Ac-") and amide blocked (e.g., denoted with 
"«NH2"). Recombinant MAG-Fc chimera was obtained from R&D Systems 
(Minneapolis, MN) and used at final concentrations ranging &om 5-25 ^ig/ml. 
The monoclonal antibody to GTlb (clone GMR5) was obtained from Seikagaku 
America (Fahnouth, MA) and was used at a final concentration of 20 ^ig/ml. All 
reagents were diluted into the coculture media and, in general, added to the 
cultures just prior to the plating of the neurons. 

Example 2: Results 
Example 2.1: Design of NgRl Loop Peptides 

[0082] The structure of the NgRl has been resolved (Barton et aL (2003) 
EAIBO J. 22(13):3291-302; He et al (2003) Neuron 38(2):177'-85), but not as a 
component of a ligand/receptor complex. However, proteins with leucine-rich 
repeat (LRR) domains might use an evolutionarily conserved mechanism to 
engage ligands, and fimctional motifs in one receptor might be deduced from the 
identification of fimctional motifs in another receptor. Based on this hypothesis, 
flie public domain for crystal structures of LRR molecules with their hgands was 
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searched. One such structure is of the glycoprotein lb alpha in complex with von 
Willebrand factor (pdb accession IMIO) (Huizinga et al. (2002) Science 
297: 1 1 76-79). Although the NgRl has one extra LRR motif relative to 
glycoprotein lb alpha, the two structures are quite similar (not shown). In 
glycoprotein lb alpha, the N and C terminal exposed loops are crucial to the 
interaction with the ligand. Based on this analysis, the equivalent loops and a 
numbo" of putative functional motifs on the NgRl were hypothesized, as shown 
in FIG. 1. 

Example 2.2: Effects of Four NgRl Loop Peptides onNeurite Outgrowth 
[0083] Peptide mimetics of binding motifs in proteins often function as 
antagonists in biological assays, particularly if they axe constrained by a disulfide 
bond (see, e.g., Williams et al. (2000) J. Biol Chem. 275(6):4007-12; Williams et 
al. (2000) A/o/. Cell. Neurosci, 15 (5): 45 6-64). Based on this, cycUc peptide 
mimetics of the four putative and/or actual motifs on the NgRl that are 
highlighted in FIG. 1 were designed. These peptides were coded 
NRLl fN-Ac- CYNEPKVTC- NH9 (SEQ ID NO:27)), 
NRL2 (N-Ac-a,QKFRGSSC-NH2 (SEQ ID NO:3 1)), 
NRL3 fN-Ac- CSLPORLAC -NH. (SEQ ID NO:28)) and 
NRL4 fN-Ac -CAGRDLKRC- NH9 (SEQ ID NO:30)). 

[0084] MAG was the first inhibitory component of myelm to be identified based 
on its abihty to inhibit neurite outgrowth j&om postnatal rat cerebellar neurons 
(Mukhopadhyay et al. (1994) Neuron 13(3):757-67). It can also inhibit neurite 
outgrowth when presented to neurons as a soluble Fc chimera (Tang et al. (1997) 
Mol. Cell Neurosci 9:333-46). NgRl function is required for MAG inhibition of 
neurite outgrowth (Domeniconi et al. (2002) Neuron 35(2):283-90; Liu et al. 
(2002) Science 297:1 190-93). Consequently, m order to determine if the mimetic 
peptides could antagonize, (e.g., reverse, decrease, reduce, prevent, etc.) NgRl 
fimction (e.g., reverse NgRl-Ugand-mediated inhibition of axonal growth), the 
peptides were tested for their abihty to antagonize MAG-mediated inhibition of 
axonal growth. Postnatal day 2/3 cerebellar neurons were cultured over 
monolayers of 3T3 fibroblasts for -23-27 hr; under these conditions the MAG-Fc 
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inhibited neurite outgrowth in these samples in a dose-dependent manner (not 
shown) with a robust inhibition seen at 20 fig/ml (FIG. 2). The ability of the 
NRL peptides to antagonize MAG-mediated inhibition of axonal growth was 
tested in a number of independent experiments. None of the peptides 
significantly inhibited neurite outgrowth in control (i.e., without MAG-Fc) media, 
and consequently, the peptides do not appear to have nonspecific effects on 
neuronal viability or function (FIG. 2). In control (i.e., without NRL peptides) 
media, MAG-Fc (20 fig/ml) substantially inhibited neurite outgrowth (FIG. 2). 
Likewise, in the presence of NRLl , NRL3 or NRL4 pqjtides at 100 p.g/ml, 
MAG-Fc also substantially inhibited neurite outgrowth (FIG. 2). However, the 
inhibitory activity of the MAG-Fc was largely antagonized (i.e., reversed, 
overcome, prevented, etc.) by the presence of the NRL2 peptide (FIG. 2). In 
order to evaluate the efficacy of the NRL2 peptide, the ability of various 
concentrations of NRL2 to overcome the inhibitory activity of 25 jig/ml of the 
soluble MAG-Fc chimera was tested. Results obtained from at least three 
mdependent experiments have been pooled to generate FIG. 3. These results 
confinn that NKL2 has little effect on control (i.e., without MAG-Fc) neurite 
outgrowth when tested at up to 200 [igftnl. The results also show that the ability 
of the pqptide to reverse the MAG-Fc-mediated inhibition of axonal growth is 
dose-dependent, and plateaus at ~50 ^g/ml (^5 jaM). 

Example 2.3: NRL2 Inhibits the Function of a GTlb Antibody 
[0085] The ganglioside GTlb appears to be part of the NgRl complex that 
transmits inhibitory signals to neurons (Yamashita et al. (2002) J. Cell, BioL 
157(4):565-70) and accordingly, an antibody to GTlb can inhibit neurite 
outgrowth in a manner similar to the MAG-Fc (Vinson et al. (2001) X BioL 
Ghent 276(23):20280-85). An anti-GTlb antibody inhibited neurite outgrowth in 
a dose-dependent maimer (FIG. 4). The inhibitory effects of anti-GTlb were also 
reversed in the presence of the 100 fig/ml of the NRL2 peptide, even when 
anti-GTlb was added at up to 40 jig/ml. These data confirm that the effects of 
the GTlb antibody are specific (in that they can be antagonized by a small 
peptide), and demonstrate that the NRL2 peptide can antagonize activation of the 
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NgRl complex by two independent ligands, i.e., can reverse NgRl ligand- 
mediated inhibition of axonal growth. 

Example 2.4: Identification of Key Functional Amino Acids in 
the NRL2 Sequence 

[0086] Structural analyses of the NgRl show that the most conspicuous amino 
acids within the NRL2 peptide sequence are the positively charged lysine (K) and 
arginiae (R); both are highly solvent exposed, with ttieir side chains clearly 
available for binding (data not shown). Of the surrounding amino acids, the 
phenylalanine (F) is buried in the structure, but might play a role in stabilizing the 
local region. The glycine and serine are partially solvent exposed, but look less 
likely as candidates to mediate a binding interaction. Based on this analysis, two 
small peptides that both have the key lysine and arginine within them were 
designed. These were NRL2a (N-Ac-CKFRGSC-NHj (SEQ ID NO:32)) and 
NRL2b (N-Ac-£QHFRGC-NH2 (SEQ ID NO:33)) peptides; note that these 
peptides contain a common four amino acid motif from the NgRl loop sequence 
(KFRG (SEQ ID NO:26)). Both peptides had no effect on neurite outgrowth in 
control (i.e., without MAG-Fc) media (not shown); their abihty to antagonize 
NgRl-ligand-mediated mhibition of axonal growth, i.e., to •'promote" growth in 
the presence of the MAG-Fc, is shown in FIG. 5. Basal neurite outgrowth in 
control media was 57.4±I.l fim (n=13) and this was reduced to 37.5±1.7 pm 
(n=8) in the presence of the MAG-Fc (20 jxg/ml) (FIG. 5). Within the inhibitory 
environment, both peptides "promoted" neurite outgrowth, with significant 
effects seen at 25 jig/ml (30 fiM) and maximal eflFects seea at 50 jig/ml (60 ]M). 
At this high©: concentration, the inhibitory activity of the MAG-Fc was 
effectively antagonized (i.e., decreased, reduced, abolished, prevented, etc.). This 
suggests that the functional activity within the NRL2 sequence resides withm the 
KFRG motif (and, in fact, perhaps within the KFR motiQ. 

Example 2.5: A Homodetic Retro-inverso Mimetic Peptide Antagonist 
Based on NRL2 

[0087] To increase the potency and in vivo stability of a potential NgR 
antagonist, a homodetic retro-inverso mimetic peptide (/irzNRL2; SEQ ID 
NO:37), based on NRL2, was constructed. The /ir/NRL2 mimetic peptide was 
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similar to NRL2 except for the following: 1) it did not comprise tenninal 
cysteines, which are not part of the parent Nogo receptor sequence, 2) it was 
cyclized through a more stable peptide bond, referred to as homodetic cyclization, 
3) it did not comprise the leucine at position 2 and the serine at position 9 of the 
mL2 sequence, because NRL2a fAc- ^^KFRGSC- NH^ (SEQ ID NO:32)) and 
NRL2b (Ac-CQKFRGC-NHa (SEQ ID NO:33)) proved to be as effective as 
NRL2 in antagonizing MAG inhibition, 4) its L-type amino acids were replaced 
by their chiral partners, specifically, by nonnative D-type amino acids, and 5) its 
sequence was reversed to ensure that the side chain orientations were preserved. 
Consequently, the sequence of AnNRL2 peptide is c[sGrfkq], where c[] refers to 
homodetic cycUzation and the lower case letters refer to D-type amino acids. 
Note that glycine (G) has no chirality as it has no side chain. FIG. 6 
demonstrates the ability of /?nTSIRL2 to antagonize NgRl ligand^-mediated 
inhibition of axonal growth, particularly, to reverse MAG-mediated inhibition of 
neurite outgrowth over 3T3 cells. 

Example 3: Discussion 

[0088] Until the present studies, no known small binding motifs had been 
identified in the NgRl . However, LRR proteins might use an evolutionarily 
conserved mechanism to engage ligands, and functional motifs in one receptor 
might be deduced fi-om the identification of fimctional motifs in a second 
receptor. Testing ofpeptidemimetics of four NgRl exposed loops was 
conducted to research their ability to antagonize the inhibitory activity of MAG, 
one of the key myelin ligands for the NgRl. All of the peptides were constrained 
by a disulfide bond, as this procedure often increases the efficacy of "loop" 
peptide mimetics by constraining them in a configuration that shares structural 
overly with the sequence in the native protein structure (Hmby (2002) Nat Rev. 
Drug Discav. 1(1 1):847-58; Williams et al., 2000 J. Biol Chem 275:4007-12). 
Three of the peptides had little or no activity; however, it remains possible that 
these sequences do harbor fimctional motifs that have been constrained in an 
inappropriate manner. The remaining peptide mimetic, NRL2, was an eflfective 
MAG antagonist, with near maximal inhibitory activity seen at --50 jig/xol 
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(-45 jiM). The peptide had no effect on neurite outgrowth when the NgRl 
complex was not activated, argumg against a trivial nonspecific eflfect on neurite 
outgrowth. Furthermore, the peptide is in effect promoting neurite outgrowth in 
an inhibitory environment; this would be hard to explain by a trivial mechanism. 
In fact, in experiments with several hundred peptides ftom a variety of molecules, 
stimulation of neurite outgrowth has not been observed as a nonspecific or trivial 
effect (see, e.g., Williams et al. (1994) Neuron 13(3):583-94; Williams et al. 
(2000) J. BioL Chent. 275(6):4007-12; Williams et al. (2000) MoL Cell. NeuroscL 
15(5):456-64; Williams et al. (2001) J, Biol Chem. 276(47):43 879-86), 

[0089] Further support for the specific nature of the antagonist properties of the 
NRL2 peptide has come firom an examination of the stmcture of the sequence 
within the NgRl. Within the structure, two positively charged amino acids can 
be seen to be highly solvent exposed, and would therefore appear to be the most 
probable candidates for contributing to a protein-protein interaction. When two 
indq5endent peptides containing these two amino acids (N-Ac- CKFRGSC- NH? 
(SEQ ID NO:32) and N-Ac- COKJRGC- NH^ (SEQ ID NO:33)) were made, it 
was found that these peptides w^e as effective as the longer parental peptide at 
inhibiting the MAG response. This demonstrates that the antagonism-of- 
inhibition activity of these peptides can be distilled down to a four amino acid 
motif (K3?RG), with only two of these amino adds being optimally available for 
binding within the native structure. Interestingly, nerve growth factor (NGF) and 
a cyclized peptide from NGF that contains two positive amino acids separated by 
a noncharged amino acid fN-Ac- CTDIKGKEC- NH^ (SEQ ED NO:35)) do not 
antagonize the inhibitory activity of myelin (data not shown). 

[0090] In principle, the NRL2 pq>tides might inhibit NgRl function by 
con:q)eting for ligand binding to the NgRl and/or the interaction between the 
NgRl and another component of the inhibitory molecule-signaling complex (e.g., 
p75NTR). An exclusive inhibition of MAG binding to the complex cannot 
explain the inhibitory activity of the peptides, as at least NRL2 was just as 
effective at antagonizing the inhibition induced by an antibody that binds to 
GTlb. 
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[0091 J In summary, the results of fliis study have identified the KFRG motif in 
the NgRl as a putative and/or actual binding motif This motif, and several of the 
flanking amino acids (LWAWLQKFRGSSS (SEQ ID NO:36)) are folly 
conserved between man and rat. The 100% identity between the sequences for 
man and rat indicates that the antagonistic peptides disclosed herein may also be 
used to treat humans. 
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WHAT IS CLAIMED IS; 

1 . An antagonist to an NgRl ligand comprising a polypeptide comprising an 
amino acid sequence selected from the group consisting of the amino acid 
sequence KFRG, the amino acid sequence GRFK, the amino acid sequence of 
SEQ ID NO: 14, the amino acid sequence of SEQ ID NO: 18, the amino acid 
sequence of SEQ ID NO:22, the amino acid sequence of SEQ ID NO:37, and the 
amino acid sequences of active fragments thereof 

2. The antagonist as in claim 1 , wherein the antagonist comprises at least one 
D-amino acid. 

3. The antagonist of claim 1 , wherein the polypeptide is cyclized. 

4. The antagonist of claim 3, wherein the polypeptide is cyclized via 
homodetic cyclization. 

5. The antagonist of claim 4, wherein flie antagonist comprises at least one 
D-amino acid. 

6. The antagonist of claim 5, wherein the polypeptide comprises the amino 
acid sequence of SEQ ID NO:37 or an active fiagment(s) liiereof. 

7. The antagonist of claim 3, wherein the polypeptide is cyclized via a 
disulfide bond. 

8. The antagonist of claim 7, wherein the polypeptide comprises an amino 
acid sequence selected from the group consisting of the amino acid sequence of 
SEQ ID N0:31, the amino acid sequence of SEQ ID NO:32, the amino acid 
sequence of SEQ ID NO:33, the amino acid sequence of SEQ ID NO:34, and the 
amino acid sequences of active fragments thereof 


wo 2006/119013 


PCTAJS2006/016217 


39 

9. The antagonist of claim 8, wherein the antagonist comprises at least one 
D-amino acid. 

10. A method of screening for compounds that compete with antagonists of 
NgRl ligands comprising the steps of: 

(a) contacting a sample containing an NgRl ligand and an antagonist 
with a compound, wherein the antagonist comprises a polypeptide comprising an 
amino acid sequence selected from the group consisting of the amino acid 
sequence KFRG, the amino acid sequence GRFK, the amino acid sequence of 
SEQ ID NO: 14, the amino acid sequence of SEQ ID NO: 18, the amino acid 
sequence of SEQ ID NO:22, the amino acid sequence of SEQ ID NO:37, and the 
amino acid sequences of active fragments thereof; and 

(b) determining whether the interaction between the NgRl Ugand and the 
antagonist in the sample is decreased relative to the interaction of the NgRl ' 
ligand and the antagonist in a sample not contacted with the compound, 

wherein a decrease in the interaction of the NgRl ligand and the 
antagonist in the sample contacted .with the compound identifies the compound as 
one that competes with the antagonist. 

1 1 . The method of claim 10, wherein the compound is forther identified as 
one that antagonizes at least one NgRl hgand. 

12. A method of antagonizing inhibition of axonal growth in a sample 
comprising the step of contacting the sample with an antagonist to at least one 
NgRl ligand. 

1 3 . The method of claim 12, wherein the antagonist to the at least one NgRl 
ligand is a peptide that mimics a ftmctional motif of the NgRl . 

14. A method of antagonizing inhibition of axonal growth in a sample 
comprising the step of contacting the sample with an antagonist comprising a 
polypeptide comprising an amino acid sequence selected from the group 
consisting of the amino acid sequence KFRG, the amino acid sequence GRFK» 
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the amino acid sequence of SEQ ID N0:14, the amino acid sequence of SEQ ID 
N0:18, the ammo acid sequence of SEQ ID NO:22, the ammo acid sequence of 
SEQ ID NO:37, and the amino acid sequences of active fragments thereof. 

15. The method of claim 14, wherem the inhibition of axonal growtti is 
mediated by at least one NgRlligand. 

16. The method of claim 14, wherein the antagoni2dng of inhibition of axonal 
growth results in regeneration of axons. 

17. A method of antagonizing inhibition of axonal growth in a subject 
comprising the step of administering to the subject an effective amount of an 
antagonist to at least one NgRl ligand. 

1 8. The method of claim 17, whex&n the antagonist to the at least one NgRl 
ligand is a peptide fliat mimics a functional motif of the NgRl. 

19. A method of antagonizing inhibition of axonal growth in a subject 
compiismg the step of administering to flie subject an eflFective amount of an 
antagonist comprising a polypeptide comprising an amino acid sequence selected 
from the group consisting of the amino acid sequence KFRG, the amino acid 
sequence GRFK, the amino acid sequence of SEQ ID N0:14, the amino acid 
sequence of SEQ ID NO: 18, the amino acid sequence of SEQ ID NO:22, the 
amino acid sequence of SEQ ID NO:37, and tiie amino add sequences of active 
fragments thereof. 

20. The method of claim 1 9, wherem the inhibition of axonal growth is 
mediated by at least one NgRl Ugand. 

21. The method of claim 19, wherein the antagonizing of inhibition of axonal 
growth results in regeneration of axons. 
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22. The method of claim 19, wherein the subject has suffered an injury to the 
central nervous system. 

23. The method of claim 22, wherein the injury is due to a stroke. 

24. The method of claim 19, wherein the subject suffers from a neuronal 
degenerative, disease. 

25. The method of claim 24, wherein the neuronal degenerative disease is 
selected from the group consisting of multiple sclerosis, Parkinson's disease, and 
Alzheimer's disease. 

26. A pharmaceutical composition comprising a pharmaceutically acceptable 
carrier and an antagonist comprising a polypeptide comprising an amino acid 
sequence selected from the group consisting of the amino acid sequence KFRG, 
the amino acid sequence GRFK, the amino acid sequence of SEQ ID NO: 14, the 
amino acid sequence of SEQ ID N0:18, the amino acid sequence of SEQ ID 
NO:22, the amino acid sequence of SEQ ID NO:37, and the amino acid 
sequences of active fragments thereof 

27. An antagonist to an NgRl ligand comprising a polypeptide comprising an 
amino acid sequence selected from the group consisting of the amino acid 
sequence of SEQ ID N0:2, the amino acid sequence of SEQ ID N0:4, the amino 
acid sequence of SEQ ID N0:6, the amino acid sequence of SEQ ID NO:10, and 
the amino acid sequences of active fragments thereof 

28. The antagonist of claim 27, wherein the polypeptide is cyclized. 

29. The antagonist of claim 28, wherein the polypeptide is cyclized via a 
disulfide bond. 

30. An isolated antibody cf^able of specifically binding to a polypeptide 
comprising an amino acid sequence selected from the group consisting of the 
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amino acid sequences of SEQ ID N0s:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 
27, 28, 29, 30, 31, 32, 33, 34, 37, and the amino acid sequences of active 
fragments tliereof. 

31 . The antibody of claim 30, wherein the antibody was produced in response 
to an immunogen comprising an antagonist to at least one NgRl ligand. 

32. An isolated antibody capable of specifically binding to an antagonist to at 
least one NgRl ligand. 
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SEQUENCE LISTING 

<110> wyeth 

King's College London 

<120> Nogo Receptor Functional Motifs and Peptide Mimetics Related 
Thereto and Methods of using the Same 

<130> 01997.040400 

<150> US 60/675,902 
<151> 2005-04-29 

<160> 37 

<170> Patentln version 3.3 

<210> 1 

<211> 21 

<212> DNA 

<213> Homo sapiens 

<220> 
<221> CDS 
<222> (1) . . (21) 

<400> 1 

tac aat gag ccc aag gtg acg 21 
Tyr Asn Glu Pro Lys VaT Thr 

<210> 2 

<211> 7 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Tyr Asn Glu Pro Lys Val Thr 
1 5 

<210> 3 

<211> 21 

<212> DNA 

<213> Homo sapiens 

<220> 
<221> CDS 
<222> (1)..C21) 

<400> 3 

age etc ccg caa egc ctg get 21 
Ser Leu Pro Gin Arg Leu Ala 
1 5 

<210> 4 

<211> 7 

<212> PRT 

<213> Homo sapiens 

<400> 4 

ser Leu pro Gin Arg Leu Ala 

Page 1 
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<2io> 5 : - 

<211> 21 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 
<222> (1) . . (21) 

<400> 5 

get gqc cgt gac etc aaa cgc 21 
Ala Gly Arg Asp Leu Lys Arg 

1 5 . . - - ■ " 

<210> 6 

<211> 7 

<212> PRT 

<213> Homo sapiens 

<400> 6 

Ala Gly Arg Asp Leu Lys Arg 

<210> 7 

<211> 21 

<212> DNA 

<213> Rattus norvegicus 
<220> 

<221> CDS 

<222> (1)..C21) 

<400> 7 

tac aat gag ccc aag gtc aca 21 
Tyr Asn Glu Pro Lys Val Thr 

<210> 8 

<211> 7 

<212> PRT 

<213> Rattus norvegicus 

<400> 8 

Tyr Asn Glu Pro Lys val Thr 
1 3 

<210> 9 

<211> 21 

<212> DNA 

<213> Rattus norvegicus 

<220> 
<221> CDS 
<222> (1) . . C21) 

<400> 9 

Page 2 
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aac eta ccc caa cgc ctg gca 21 
Asn Leu Pro Gin Arg Leu Ala 
1 5 

<210> 10 
<211> 7 
<212> PRT 

<213> Rattus norvegicus 
<400> 10 

Asn Leu pro Gin Arg Leu Ala 


<210> 11 

<211> 21 

<212> DNA 

<213> Rattus norvegicus 
<220> 

<221> CDS 

<222> (1) . . (21) 

<400> 11 ^- 
gca ggc cgt gat ctg aag cgc 


gca ggc cgt gat ctg aag cgc 
Ala Giy Arg Asp Leu Lys Arg 
1 5 


<210> 12 

<211> 7 

<212> PRT 

<213> Rattus norvegicus 

<400> 12 

Ala Gly Arg Asp Leu Lys Arg 
1 5 


<210> 13 

<211> 24 

<212> DNA 

<213> Homo sapiens 


<220> 

<221> CDS 
<222> CD . . C24) 


<400> 13 

ctg cag aag ttc cgc ggc tec tec 
Leu Gin Lys Phe Arg Gly Ser Ser 


24 

JJMV. 

'Q Gly ser ser 

1 5 


<210> 14 

<211> 8 

<212> PRT 

<213> Homo sapiens 

<400> 14 

Leu Gin Lys Phe Arg Gly Ser Ser 
1 5 

Page 3 
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<210> 15 

<211> 24 

<212> DNA 

<213> Rattus norvegicus 
<220> 

<221> CDS 

<222> (1)..C24) 

<400> 15 

ctg cag aag ttc cga ggt tec tea 
Leu Gin Lys Phe Arg Giy ser ser 
15 

<210> 16 

<211> 8 

<212> PRT 

<213> Rattus norvegicus 

<400> 16 

Leu Gin Lys Phe Arg Gly ser ser 
1 5 

<210> 17 

<211> 15 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 
<222> (1) . . (15) 

<400> 17 It: 
aag ttc cgc ggc tec !•> 
Lys Phe Arg Gly Ser 
1 5 

<210> 18 

<211> 5 

<212> PRT 

<213> Homo sapiens 

<400> 18 

Lys Phe Arg Gly Ser 
1 5 

<210> 19 
<211> 15 
<212> DNA 

<213> Rattus norvegicus 
<220> 

<221> CDS 
<222> (1) . . (15) 

<400> 19 . _ 

aag ttc cga ggt tec J-^ 

Page 4 


wo 2006/119013 


PCT/US2006/016217 


01997040400p.ST25 

Lys Phe Arg Gly ser 

<210> 20 

<211> 5 

<212> PRT 

<213> Rattus norvegicus 

<400> 20 

Lys Phe Arg Gly ser 

<210> 21 

<211> 15 . 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 
<222> (1) . . (15) 

<400> 21 - 

cag aag ttc cgc ggc 15 
Gin Lys Phe Arg Gly 
1 5 

<210> 22 

<211> 5 

<212> PRT 

<213> Homo sapiens 

<400> 22 

Gin Lys Phe Arg Gly 
1 5 

<210> 23 

<211> 15 

<212> DNA 

<213> Rattus norvegicus 

<220> 
<221> CDS 
<222> CD . . CIS) 


<400> 23 

cag aag ttc cga gqt 
Gin Lys Phe Arg Gly 
1 5 


<210> 24 

<211> 5 

<212> PRT 

<213> Rattus norvegicus 

<400> 24 

Gin Lys Phe Arg Gly 
1 5 


15 


Page 5 
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<210> 25 

<211> 12 

<212> DNA 

<213> Homo sapiens 


<220> 
<221> CDS 
<222> Cl)..a2) 


<400> 25 

aag ttc cgc gqc 12 

Lys Phe Arg Gly 

1 


<210> 26 

<211> 4 

<212> PRT 

<213> Homo Sapiens 

<400> 26 

Lys Phe Arg Gly 

1 

<210> 27 

<211> 9 

<212> PRT 

<213> Artificial 

<220> 

<223> Cysteines added to both termini of a protein with the amino acid 
sequence of SEQ ID N0s:2 or 8 for cyclization. 

<220> 

<221> M0D_RE5 

<222> CI).. CD 

<223> ACETYLATION 

<220> 

<221> MOD_RES 

<222> C9) . . C9) 

<223> AMIDATION 

<400> 27 

cys Tyr Asn Glu Pro Lys Val Thr cys, 

<210> 28 

<211> 9 

<212> PRT 

<213> Artificial 

<220> 

<223> Cysteines added to both termini of a protein with the amino acid 
sequence of SEQ ID no: 4 for cyclization. 

<220> 

<221> M0D_RES 

<222> CD . • CD 

<223> ACETYLATION 

Page 6 
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<220> 

<221> MOD„RES 
<222> (9)..C9) 
<223> AMIDATION 

<400> 28 

cys ser Leu pro Gin Arg Leu Ala cys 

<210> 29 

<211> 9 

<212> PRT 

<213> Artificial 

<220> 

<223> Cysteines added to both termini of a protein vri th the ammo acid 
sequence of SEQ ID NO: 10 for cyclization. 

<220> 

<221> MOD_RES 

<222> (1)..C1) 

<223> ACETYLATION 

<220> 

<221> MOD^RES 

<222> (9) . . (9) 

<223> AMIDATION 

<400> 29 

cys Asn Leu Pro Gin Arg Leu Ala Cys 

<210> 30 

<211> 9 

<212> PRT 

<213> Artificial 

<220> ^ 

<223> cysteines added to both termini of a protein with the ammo acid 
sequence of SEQ ID N0s:6 or 12 for cyclization. 

<220> 

<221> M0D_RES 

<222> (1)..(1) 

<223> ACETYLATION 

<220> 

<221> MOD^RES 

<222> (9) . . (9) 

<223> AMIDATION 

<400> 30 

Cys Ala Gly Arg Asp Leu Lys Arg cys 

<210> 31 
<211> 10 
<212> PRT 
<213> Artificial 

Page 7 
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<220> 

<223> Cysteines added to both termini of a protein with the amino acid 
sequence of SEQ id N0s:14 or 16 for cyclization. 

<220> 

<221> MOD^RES 

<222> (1) . . (1) 

<223> ACETYLATION 

<220> 

<221> MOD^RES 

<222> CIO).. (10) 

<223> AMIDATION 

<400> 31 

Cys Leu Gin Lys Phe Arg Gly Ser Ser cys 
1 5 10 

<210> 32 

<211> 7 

<212> PRT 

<213> Artificial 

<220> 

<223> . Cysteines added to both termini of a protein with the amino acid 
sequence of SEQ ID N0s:18 or 20 for cyclization. 

<220> 

<221> MOD_RES 

<222> Cl)..(l) 

<223> ACETYLATION 

<220> 

<221> MOD_RES 

<222> C7)..(7) 

<223> AMIDATION 

<400> 32 

cys Lys Phe Arg Gly ser cys 

<210> 33 

<211> 7 

<212> PRT 

<213> Artificial 

<220> 

<223> Cysteines added to both termini of a protein with the amino acid 
sequence of SEQ ID NOs:22 or 24 for cyclization. 

<220> 

<221> MOD_RES 

<222> CD . . CD 

<223> ACETYLATION 
<220> 

<221> MOD^RES 

<222> (7).. (7) 

<223> AMIDATION 


Page 8 
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<400> 33 

cys Gin Lys phe Arg Gly cys 
1 5 


<210> 34 

<211> 6 

<212> PRT 

<213> Artificial 

<220> 


<220> ... 
<223> Cysteines added to both termini of a protein with the amino acid 
sequence of SEQ id no: 26 for cyclization. 


<220> 

<221> MOD^RES 

<222> (1) . - (1) 

<223> ACETYLATION 

<220> 

<221> MOD^RES 

<222> (6) . . (6) 

<223> AMIDATION 

<40ft> 34 

cys Lys Phe Arg Gly Cys 


<210> 35 

<211> 8 

<212> PRT 

<213> Artificial 


<223> Peptide from nerve growth factor, with cysteines added to both 
termini for cyclization. 


^220> 

<221> M0D_RES 

<222> Cl)-.(l) 

<223>. ACETYLATION 

<220> 

<221> MOD^RES 

<222> C8) . . (8) . 

<223> AMIDATION 

<400> 35 

^s Thr Asp Lys Gly Lys Glu cys 


<210> 36 

<211> 13 

<212> PRT 

<213> Homo sapiens 

<400> 36 

Leu Trp Ala Trp Leu Gin Lys Phe Arg Gly ser Ser ser 
15 10 

Page 9 
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<210> 37 
<211> 6 
<212> PRT 
<213> Artificial 


<223> Reverse sequence (retro-inverso) of shortened version of, e.g., 
SEQ ID N0s:14 or 31, comprising D-amino acids in positions 1, 3, 
4, 5, and 6 Cs, r, f, k, and q, respectively), and cyclized by 
homodetic cyclization. can be represented as c[sGrfkqj. 


<220> 


<221> 

MISC—FEATURE 

<222> 

(D.-CD 

<223> 

D-Ser 

<220> 


<221> 

MISCL.FEATURE 

<222> 

(3).. (3) 

<223> 

D-Arg 

<220> 


<221> 

MISC^FEATURE 

<222> 

(4).. (4) 

<223> 

D-Phe 

<220> 


<221> 

MISCFEATURE 

<222> 

(5).. (5) 

<223> 

D-Lys 

<220> 


<221> 

MISCFEATURE 

<222> 

(6). ,(6) 

<223> 

D-Gln 

<400> 

37 


Xaa Gly Xaa xaa Xaa Xaa 
1 5 
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